Complex Infection in a Case of Persistent Tinea Pedis**Medical Research Council, Unit for Research on the Experimental Pathology of the Skin, and The Skin Department, The General Hospital, Birmingham 4, England.  by Baxter, M. & Fairburn, E.A.
Tinea pedis is perhaps the most frequently
encountered fungal infection of the skin. Cases
of multiple infection are not uncommon but in
the majority of cases, different lesions yield
the same organism in culture, a feature which
is also true for infections of both the skin and
the nails. The dermatophytes are, however,
notorious for their variability and variants
obtained on culturing specimens sometimes
show features which lead to difficulties in
their identification. They may in consequence
be incorrectly diagnosed or be regarded as new
species. On rare occasions several variants are
obtained from the same pathological material.
This 'polymorphic' phenomenon is usually as-
sociated with cultures which are also labile
and has been well illustrated for infections by
T. ferntqineum (1) and by the T. tonsuran.s
complex (2).
This report concerns a similar polymorphic
effect involving 2'. mentagrophytes associated
with an infection of the foot which failed to
respond to griseofulvin therapy. The toenails
presented a clear 2'. mentoçjrophyte.s infection
but skin lesions of the same foot yielded a
variety of isolates which, although possessing
grossly dissimilar colonial forms and main-
taining their morphologies in culture, could
also be assigned to this species as atypical
varieties.
CASE REPORT
A Caucasian woman aged 42 sought medical ad-
vice for discoloration and brittleness of the toe
naih of some 12 months duration. This had been
complicated by an eruption of the soles with a
tendency to relapse in warm weather. There was a
previous history of malformation of the finger
nails 14 years earlier and this had been treated
successfully by means of avulsion of the affected
plates.
On examination there was thickening and yellow
discoloration involving in varying degrees all the
toe nail plates, while keratinous debris had ac-
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cumulated in the subungual space distally. The
soles and toe webs exhibited a minor degree of
diffuse hyperkeratosis and line desquamation, and
there was moderate erythrocyanosis. A diagnosis
of dermatophytosis was made and was confirmed by
mycological studies.
Treatment was commenced on 20th August,
1962. Benzoie Acid Compound Ointment BPC was
given for application to the affected skin while
fine particle Griseofulvin was prescribed in a dosage
of 125 mg four times daily. During subsequent
months the eruption diminished slowly but pro-
gressively, yet the ungual abnormalities persisted
unchanged. Griseofulvin therapy was discontinued
in September 1963, and this was followed by
prompt relapse of the plantar rash. Further
Griseofulvin was taken over the period November
1963 to June 1964. Once again regression of the
cutaneous changes was unaccompanied by im-
provement of the nail dystrophy. Likewise, cessa-
tion of treatment resulted in rapid recurrence of
the eruption of the feet. Subsequent management
has been confined to control of troublesome cuta-
neous relapses by means of topical fungicides.
MATERIALS AND METHODS
At each examination of the patient over the
period August 1962 to January 1966, skin and nail
scrapings were examined in 20% KOll and cul-
tured on test tube slopes of Sabouraud Dextrose
Agar (reconstituted Oxoid tablets) containing
cycloheximide, chloramphenicol and ink blue (3).
The primary isolates were subcultured on to SDA
alone.
Hyphal fusion experiments were performed be-
tween each of the isolates by the technique of
Davidson, Downing and Buller (4), examining
pairs of the isolates in all combinations.
Assay of griseofulvin sensitivity was made by
the test tube serial dilution method in Sabouraud
Maltose Broth, with a 2-week culture period at
25° C. The level of sensitivity was regarded as that
concentration of griseofulvin at which no growth
occurred (either at the surface or in the bulk of the
medium).
RESULTS
Microscopical examination of the skin
scrapings was consistently positive, except for
one occasion in December 1962. Two isolates
were obtained on culturing the first specimens
in August 1962 but thereafter, cultures were
positive only after the cessation of the periods
of griseofulvin therapy. Two isolates identical
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to those obtained previously grew from ma-
terial collected in October 1963 but subsequent
cultures yielded a total of six morphologically
distinct colonies. The nail proved inconsist-
ent microscopically but when positive, cul-
tured the same fungus throughout. All isolates
discolored the ink-blue in the manner typical
of dermatophytes.
Subcultures on to SDA were made and in-
cubated at 25° C. Each isolate was designated
with an identification number from Li to
L9 depending on the time of isolation and
macroscopic morphology (Table I). Strains of
identical morphology isolated on separate oc-
casions were further designated with a suffix,
a to d. Each of these isolates was found to be
pure when tested by the dilution plate method.
The morphology of the isolates is presented
in Table II. Four distinct white strains, Li
to L4, were obtained during the period of
study. The remaining isolates, L5 to L9, were
variously colored and showed differing degrees
of development and type of aerial mycelium
and amount of submerged marginal growth.
These colored strains seemed to form two
distinct groups. Isolates L5 a and b produced
pink-colored aerial mycelium with considera-
ble golden-brown, submerged marginal growth,
whereas the colonies of L6 and L7 were highly
convoluted with a powdery, yellowish, peach
or deep pink colored surface (the color vary-
ing with the subculture), irregular margins
and negligible submerged marginal growth.
isolates L8 and L9 showed a morphology in-
termediate between the two earlier colored
strains. L8 tended to be predominantly as L5,
whilst L9 tended towards L6.
The morphology of isolate Li allowed its
diagnosis as a typical T. mentogrophytes, gron-
nbc variety. Isolates L2—L4 could similarly
be assigned to T. mentagrophytes but as the
interdigitale variety. The identification of the
colored isolates was less easy. L6 was probably
also T. mentagrophytes but a diagnosis for L5
as T. mentogrophytes was even more tenta-
tive.
It was possible, however, from the results of
the hyphal fusion experiments, to confirm that
all the strains were, indeed, T. mentagrophy-
tes, since fusions between hyphac growing
from adjacent colonies of each of the isolates
could be demonstrated.
TABLE 1
The results of the mycotogical investigation of
the patient's right foot
The isolates are designated Li to L9.
April
1966
Jan.
The 'in vitro' sensitivity of most isolates to
griseofulvin was within the range normally
found for dermatophytes in this laboratory
(Table III). The growth of most was inhibited
by 6.25 pg/ml. griscofulvin, as was a known
strain of T. mentagrophytes. L2, L3 and L5
were inhibited by 12.5 pg/mI.
nISCUssION
The patient had never travelled abroad; her
garden soil yielded only Keratinomyces ajel-
boi; she kept no pets except for an apparently
healthy budgerigar. Since it seemed unlikely
that she could have been exposed to and be-
come infected by at least five different strains
of dcrmatophytes a question arises as to the
source of these unusual isolates.
In the absence of experimental proof of the
relationship of the colored isolates to T.
mentogrophytes, they might be considered as
distinct species. If, however, reliance is placed
on the results of the hyphal fusion experi-
ments these isolates were conclusively strains
of this dermatophyte. A clear T. mentogro-
phytes infection of the nail would in most
Sole Nail
1962
Aug.
Dec.
1963
April
Oct.
Nov.
1964
April
Oct.
1965
Micros— Micros-Coltore Cultore
copy copy
+ L2a; LSa + Lia
+
+ L2b; LSb —
+ L3;L6 +
+ + Lib
+ L4;L7 + Lie
+ L8 + Lid
+ L9 +
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TABLE II
The cultural morphology of the isolates on 8.D.A. at 25° C, (petri -dish cultures)
Isolate
Cultural morphology
Macroscopic Microscopic
Li (a—d) Cream, powdery. Reverse brown. Microconidia oval, en grappe. Spi-
rals. Slightly clavate Macro-
conidia.
L2 (a—b) White, cottony. Reverse brown. Microconidia oval, en grappe. A few
clavate macroconidia. Chylamy-
dospores.
L3 White, cottony. Reverse colorless. Microconidia predominantly don-
gate-pyrilorm, en thyrse. Hyphae
more delicate.
L4 White, becoming yellow, velvety.
Reverse colorless.
Occasional oval microconidia.
L5 (a—b) (and L8) Cottony pink aerial mycelium &
golden brown submerged margins.
Reverse golden brown,
Submerged hyphae coarse, dis-
torted and with a dense yellow
pigment. Chlamydospores. Mi-
croconidia rare, oval-pyriform,
en grappe. Nodules.
L6 (and L7 and L9) Highly convoluted yellowish, peach Most hyphae coarse and 'tornlose'.
or deep pink. Powdry surface. Abundant chlamydospores. Mi-
Margins irregular but negligible croconidia oval, en grappe. Oc-
submerged growth. Reverse casional nodules. Clavate macro-
golden brown. conidia and spirals in L9.
TABLE III
The 'in vitro' sensitivities of the isolates to
griseofulvin (serial dilution method in
,Sabouroud Broth)
Isolate GF cone. (pg/mi)iohibitiog growth
Li 6.25
L2 12.5
L3 12.5
L4 6.25
L5 12.5
L6 6.25
L7 6.25
L8 6.25
L9 6.25
'I'. mentagrophytes B1A3 6.25
eases of tinea pedis imply a skin infection
by the same fungus. This ease was unusual in
that although several isolates were obtained
from the skin, none of them seemed to be the
T. mentagrophytes of the nail. The granular
and interdi git ale varieties of T. mentagro-
phytes are, however, not distinct (5), and one
can be transformed into the other. The 3
white strains of the interdigitale variety iso-
lated from the soles may have been derived in
this way from the granular strain of the nail.
Furthermore, Gentles (personal communica-
tion) has noted a change of colonial form of
T. mentagrophytes induced by heat to forms
resembling the colored isolates. Atypical va-
rieties of T. mentagrophytes of similar mor-
phology to the 'colored' isolates have also
been obtained by Partridge (personal com-
munication) following serial transfers of nor-
mal strains on cborio-allantoic membranes. It
is therefore possible that all the isolates were
derived from the one strain, Li, obtained
from the nail, this being in all probability
the oldest infection in the patient.
One factor which may have been of im-
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portance in inducing variation of the parent
fungus Li is the treatmeut given. However,
two isolates were cultured from skin speci-
mens obtained at the first examination and
before active therapy was commenced. There
was no change of colonial form of any of the
isolated fungi in griscofulvin cultures and
treatment with this antibiotic had no effect
on the cultural morphology of the nail strain.
An unknown factor present in the skin must
have been operative in inducing the parent
fungus to mutate and thus to present the
varied colony forms isolated in culture.
The persistence of the infection for long
periods on the skin during courses of grisco-
fulvin therapy suggested that the fungal strains
involved might be resistant to this antibiotic.
This was not supported by the 'in vitro' as-
say of griscofulvin sensitivity, for none of the
isolates showed any resistance. One explana-
tion for the persistence is that there was in-
adequate absorption from the gut, as posulated
by Crounse (6) to explain the clinical failure
sometimes obtained with ordinary therapeutic
doses, although in guinea pigs, Gcntlcs (7)
consistently found adequate levels for fun-
gistasis in the skin and hair of experimentally
infected animals.
Another, and in this case more likely, ex-
planation is the possibility of reinfection of
the skin from the nails. The re-isolation of an
identical strain of fungus in the nail after the
first course of griscofulvin therapy would im-
ply a continuity of infection even though the
mycological investigation of the nail during
this period was negative, for such investiga-
tions are notoriously difficult. This continuity
of nail infection may well have led to con-
tinuous re-infection of the skin, so nullifying
the effect of griseofulvin therapy. If such a
mechanism was involved, it would support
the theory of the presence in the skin of
some agent promoting mutation used to ex-
plain the presence of a multiplicity of cu-
taneous strains, as no isolate of the granular
variety was ever obtained from the skin.
5IJMMAaY
A case of persistent tinea pcdis involving
both skin and nails yielded 9 distinct isolates
in culture which, although presenting grossly
different morphologies, could all be assigned to
the species T. mentagrophytes. This diagnosis
was confirmed by hyphal fusion experiments.
The isolates were all sensitive to griseofulvin
'in vitro' but griseofulvin therapy failed to
reduce the nail involvement and had no com-
plete restorative effect on the cutaneous le-
sions. It is postulated that all the isolates were
variants derived from the nail strain and that
the persistence of the infection was due to
reinfection of the skin from the nail.
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